Alongside the well-studied inositol 1,4,5 compared it to cADPR-induced Ca 2ϩ release. In this assay, both NAADP (1 M) and cADPR (1 M) induced a fast trisphosphate and ryanodine receptors, evidence Ca 2ϩ efflux from the microsomes, which differed signifiis gathering that a new intracellular release cantly from control microsomes (Figure 1a ). In the first mechanism, gated by the pyridine nucleotide 3 seconds after its addition, NAADP released 8. and 20 s, and maximal uptake occurred after 30-40 s). After 2 min of incubation with ATP, stores were fully release was 32%-38% and 40%-43% of ionomycin-releasable Ca 2ϩ
and their role appears to be negligible. We now 3). In the same set of experiments, cADPR released 9. and 20 s, and maximal uptake occurred after 30-40 s). After 2 min of incubation with ATP, stores were fully release was 32%-38% and 40%-43% of ionomycin-releasable Ca 2ϩ
, respectively (calculated after 20 s of the addition of the agonist in two different cardiac preparations).
Results and discussion
It has been previously suggested that ATP and cADPR First, we investigated whether NAADP could induce Ca 2ϩ might compete for the same site on the ryanodine receptor release from adult rabbit heart microsomes loaded pascomplex [6], but in our experimental conditions, we could sively with 45 Ca 2ϩ (see Materials and methods in the Supdetect cADPR release in the presence of 1 mM ATP at room temperature. When a concentration-response curve plementary material available with this article online) and was performed after passive loading and the release at 3 a separate mechanism from that of ryanodine and IP 3 receptors, then we would expect to find a specific binding s was used as a measure of the total response induced by NAADP, it was found that NAADP releases Ca 2ϩ with site in cardiac microsomes. Indeed, [ . effect on NAADP-induced Ca 2ϩ release, while these compounds were capable of partially inhibiting cADPR-mediOur data also suggests that there is an additional specific displacement when more than 1 M cold ligand was used ated responses (Figure 1d (Figure 1d ). Although these antagonists did not completely abolish NAADP-induced release, it 2a). This suggests a positive cooperativity similar to the one observed for some plasma membrane receptors (e.g., did not seem appropriate to increase their concentrations, since 100 M is approximately two orders of magnitude insulin). When the data obtained was linearized by Scatchard analysis (data not shown), we detected the presence higher than the concentration required to selectively block L-type Ca 2ϩ channels and already influences nonof at least three binding sites. Alternatively, this could be interpreted as the presence of a single class of binding specifically numerous channels. Furthermore, the coaddition of heparin and 8-NH 2 -cADPR did not affect NAADPsites whose affinity changes with receptor occupancy, i.e., negative cooperativity (see below). Alongside a low-affininduced Ca 2ϩ release (data not shown). ity site (identified to be the same as the one mentioned above), another two sites were identifiable. They showed If NAADP, as suggested by our data, releases Ca 2ϩ by Values are Ϯ SEM of 3-6 determinations.
tions of structurally similar compounds (Table 1) . NAD ϩ (10 M) lacked affinity for the binding site, as did NAAD, suggesting that, as in sea urchin eggs, the phosphate group is critical for receptor-ligand recognition [10] . On the other hand, NADP ϩ and ADP ribose phosphate (ADPRP) showed some affinity for the receptor. NADP ϩ had an affinity of 206 Ϯ 24.5 nM (Hill slope of 1.97 Ϯ 0.12; Figure 2a ), while ADPRP had no effect at a concentration of 100 nM but displaced 60% Ϯ 3.9% of the bound [ 32 P]NAADP at 1 M. The NADP ϩ effect is similar to that observed in sea urchin eggs [11, 12] , where it displays a 500-fold lower affinity than NAADP, and part of this effect has been attributed to the contamination present in the commercial sources of NADP ϩ , which is extremely resistant to purification [13] . In support of this, NADP ϩ (20 M) bought from commercial sources (Sigma) released 34% of the Ca 2ϩ released by NAADP (1 M), suggesting that NAADP is present in the sample. However, ADPRP seems to be recognized differently by the mammalian receptor compared to that in sea urchin, the pyridine moiety dictates affinity. We, therefore, suggest that it is likely that the binding site in the heart is not identical to that present in sea urchin eggs. affinity constants of approximately 130 pM and 4 nM, We then investigated the association and dissociation kiwith B max values of 25 and 507 fmol/mg, respectively. netics of [ 32 P]NAADP binding. NAADP associated rapidly Recently, a similar assay has been used to investigate to its receptor on ice, with a t 1/2 of 0.6 min (Figure 2b ). NAADP binding in rat brain [9] . Although, in this report, Once again, this is in stark contrast to brain, where associabinding appeared specific, the K d was found to be considtion appeared to be ‫-01ف‬fold slower [9]. To measure erably higher ‫002ف(‬ nM), and the Hill slope differed dissociation, we allowed full association and then added considerably ‫.)1ف(‬ It, therefore, appears that, similar to an excess amount of cold NAADP. Unlike in sea urchin, IP 3 how these two observations are mechanistically linked is 
